In order to generate substantial amounts of neoglycoconjugate needed for commercialization of diagnostic kits and high-throughput detection of leprosy, we developed a facile and high-yield synthesis of the corresponding disaccharide. Herein, the non-reducing disaccharide segment of phenolic glycolipid I from Mycobacterium leprae, O-(3,6-
assay (ELISA) prompted several research groups to synthesize the haptens and link them to the protein carrier bovine serum albumin (BSA). 2 , 5 -8 In this work, we have described an efficient and improved synthesis of the constituents of the natural disaccharide (ND) 1 from PGL-I. Furthermore, the number of glycosyl residues incorporated on the proteins was measured accurately using mass spectrometry.
The key intermediate in our synthesis of the disaccharide 1 is 1,4-di-O-acetyl-2,3-di-Omethyl-L-rhamnopyranose (5). L-Rhamnose was converted into methyl 4-O-benzyl-2,3-Oisopropylidene-α-L-rhamnopyrsnoside (2) by published methods. 9, 10 Removal of the isopropylidene group followed by methylation yielded the corresponding 2,3-dimethoxy derivative 4. The main feature of this improved synthesis is the one-step conversion of 4 into the desired 1,4-diacetate 5 by acetolysis with 2% sulfuric acid in acetic anhydride and acetic acid (Scheme 1). Purification of the product by chromatography on silica gel removed a trace amount of a byproduct which was found to be the corresponding 1-acetoxy-4-O-benzyl derivative. Continued elution gave the main product 5 in 60% yield. 11 The other intermediate needed for the synthesis of the disaccharide is 1,2,4-tri-O-acetyl-3,6-di-O-methyl-D-glucopyranose (6) . In the previous synthesis, this intermediate had been obtained by a nine-step process from 3-O-methyl-D-glucose. 12 In the present work, compound 6 was synthesized by a five-steps procedure starting from the commercially available 6,3-D-glucurono lactone as described. 13 Compound 6 was then converted to the chloroacetate derivative of 3,6-di-O-methyl-D-glucose (7, not shown).
Previously, 2,8 the 1,4-disaccharide was synthesized by coupling of a protected rhamnoside intermediate (a debenzylation product of compound 2) and a derivative of 3-O-methyl-Dglucosyl bromide. The methylation process was completed only after the deprotection of the disaccharide and selective methylation of the 2, 3-OH groups of rhamnose and the 6-OH of glucose. However, in this improved approach, the methyl groups were introduced before the coupling of the two hexose moieties. The building blocks 5 and 7 were obtained in high yield from compound 2 and 6,3-D-glucurono lactone, respectively.
The synthesis of disaccharide intermediate (11) to be conjugated to the BSA was initiated by the conversion of the building block 5 into the corresponding 8-methoxycarbonyloctyl glycoside 8 in 78% yield (Scheme 2). Subsequent deacetylation of compound 8 produced compound 9, which was coupled to the gluco-intermediate 7 to give the disaccharide derivative 10 in 67% yield for two steps of conversion. Finally, deacetylation of 10 quantitatively gave the methoxycarbonyloctyl derivative of the natural disaccharide (11) .
Conjugation of the methoxycarboxyl-octyl intermediate (11, Scheme 3) to the carrier proteins (either BSA or HSA) proceeded by converting it into the corresponding hydrazide derivative 12 (which could be stored for several months at −20 ° C) in 81 % yield. The hydrazide was then converted into the acyl azide, which was immediately conjugated to BSA or HSA, according to the established procedure. 12, 14 The carbohydrate content in these two neoglycoproteins, ND-O-BSA and ND-O-HSA was measured by the carbohydrate assay (phenol-H 2 SO 4 assay) as described 5 and MALDI-ToF mass spectrometry. As shown in Figure 1 , ND-O-HSA (B) exhibited higher heterogeneity compared with HSA (A) in the MALDI-ToF mass spectra. The single charged (m/z, 66372 and 87132) and double charged (m/z, 33186 and 43566) monomer of HSA and ND-O-HSA were the major components. The number of disaccharide molecules incorporated in the neoglycoproteins was calculated from the difference in the molecular weights of the neoglycoproteins and BSA or HSA. ND-O-HSA showed higher incorporation of the disaccharide (n=40) than ND-O-BSA (n=32). Thus, MALDI-TOF mass spectrometry provides an accurate and simple method to determine the degree of the conjugation of the disaccharides and the proteins.
The serological activities of these two neoglycoproteins against pooled human lepromatous leprosy (LL) and normal sera were tested by ELISA. As shown in Figure 2 , ND-O-BSA and ND-O-HSA showed the detection limit at 100 picogram (pg)/well, where the assays using LL sera had obvious difference of O.D. 405nm compared to the assays using normal control sera. The higher sensitivity of ND-O-HSA compared to ND-O-BSA at the region of 100 to 10000 pg/well may be caused by its higher incorporation of ND onto HSA. In addition, the activity of the newly synthesized antigens were compared to the old batches provided by Leprosy contract (NIH N01 AI-25469). As shown in Figure 3 , compared with the old batches, both of new ND-O-BSA and ND-O-HSA showed incremented activity along with the increase of antigen concentration from 100 pg to 50 nanogram (ng)/well. Especially when antigens were at the concentration of 50 ng/well, the new antigens showed double activity compared to the old ones.
Due to call for large amount of leprosy diagnostic reagent, we started searching synthetic and sensitive analogues of PGL antigens. The newly made neoglycoproteins, ND-O-BSA and ND-O-HSA, carrying high natural disaccharide content (30~40 ND incorporated) showed higher sensitivity compared to the ones used before to detect M. leprae. Especially, the ND-O-HSA containing 40 natural disaccharides possessed the detection limit at pg grade and had the potentiality to be developed as a high-throughput diagnostic kit that can examine 2×10 5 serum samples by every 10 mg of the reagent. In addition, the synthetic antigens will serve as an ideal probe to fabricate carbohydrate microarray that will be used to diagnose infectious diseases. Reactivity of pooled lepromatous leprosy (LL) patient sera with a known high antibody titer to native PGL-I and normal control sera with ND-O-BSA (32 sugar residues per molecule) and ND-O-HSA (40 sugar residues per molecule) by ELISA. The wells were coated with two-fold serial dilutions of the antigen ranging from 50 ng to 100 picograms. The antigens were each tested with the pooled serum samples at a 1:200 dilution. The O.D. readings were determined using a plate reader at 405 nm. Reactivity of monoclonal antibody CS-48 specific for ND-O-BSA and ND-O-HSA by ELISA. The glycoconjugates tested were prepared by using an improved synthesis described in this work (New batches) or by an earlier coupling procedure (Old batches). The wells were coated with two-fold serial dilutions of the antigen ranging from 50 ng to 100 picograms. The O.D. readings were determined using a plate reader at 405 nm.
